Autobiographical memory refers to memory for events in our personal past. The ability to recollect events at will and to develop a detailed and well-structured narrative of past experience develops gradually throughout childhood (e.g., [@R30]) with the ability to construct a coherent life story not developing until adolescence ([@R18]). Where autobiographical memory functions effectively it supports our ability to learn from prior experience and to form a sense of self that is coherent over time ([@R6]). However in some psychological disorders autobiographical memory is disrupted, with biases evident in encoding and retrieval processes ([@R53]). Additionally a large number of studies have indicated that depressed patients, as well as those with a history of trauma, show over-general autobiographical memory (OGM; for review see [@R49]), a tendency to recall memories in a way that lacks event-specific detail. For example, when presented with a cue word and asked to retrieve a specific memory, participants displaying OGM typically fail to describe an event that would have occurred on a particular day, at a particular time and place, and instead respond with more generic information, often describing a *category of events*, rather than one particular occasion. For example to the cue word *happy* a specific response might be *"the welcome home party for my sister after she came back from her year abroad,"* whereas an over-general response might be "*I* *always enjoy going to parties".*

In clinical populations OGM appears to be relatively independent of current levels of depressed mood ([@R46]) showing little change following remission of depressive symptoms ([@R4]) with evidence that it is often ([@R28]; [@R40]), although not always ([@R25]), impaired in people with a history of depression who are currently well. This has led to the suggestion that the tendency to retrieve autobiographical memories in an over-general rather than specific way may represent a relatively stable, trait-like factor, rather than simply an epiphenomenon of current mood state. The idea of an OGM trait was challenged by [@R11] who argued that OGM might be better understood as a form of task error. Using a reversed version of the Autobiographical Memory Test (AMT) they showed that depressed patients could be induced to be *relatively* more specific than healthy controls under conditions where the target for retrieval was a general memory. However the finding of Dalgleish et al. may be a consequence of stable and instruction-insensitive over-general retrieval in depressed patients viewed in the context of more flexible retrieval by healthy volunteers who were able to be more responsive to task instructions. Indeed some evidence in favour of the idea of an OGM trait comes from studies that have demonstrated individual differences in degree of OGM retrieval in *non-clinical* groups. In these groups OGM correlates with the use of repression and avoidance as coping strategies ([@R22]; [@R33]), and with the degree of subjective distress experienced in response to naturally occurring negative events ([@R15]; [@R42]). These findings suggest that in population samples individual differences in OGM may relate in a meaningful way to risk of affective disturbance, and that there may be some value in working from the assumption that OGM represents a trait-like characteristic, even if its expression is somewhat sensitive to external factors.

PSYCHOMETRIC PROPERTIES OF THE AMT {#s2}
==================================

If it is assumed that there are relatively stable individual differences in retrieval style, such that some people will tend to retrieve memories in a more general way than others, then it is essential to have a robust means of assessing these tendencies. The tendency towards OGM can be conceptualised in statistical terms as reflecting an underlying latent trait or factor, i.e., an unmeasured characteristic that can be (imperfectly) assessed by means of a set of correlated observed items. Most studies of OGM have utilised the AMT ([@R50]) to assess retrieval style, a cued recall paradigm based on early paradigms ([@R10]; [@R14]; [@R36]) in which participants are presented with a series of words (including cues of mixed positive and negative valence, e.g., happy, lonely) and asked to describe a specific event of which each word reminds them. However, there is no single version of the AMT in use and since relatively little is known about its psychometric properties there is little to guide new researchers selecting cue words. While most studies utilise between 10 and 20 cue words, matched for word frequency, the particular words selected vary and thus where findings are inconsistent across studies it is unclear to what extent this may be attributable to idiosyncrasies of the particular cue word set ([@R11]; [@R37]; [@R38]).

To begin to address the issue [@R17] conducted an item response theory (IRT) analysis of AMT data collected from three large samples comprising high school and university students, exploring the psychometrics of the AMT in more detail. IRT analysis can provide information on whether cue words vary in difficulty (e.g., whether some are "easier" than others) and in general produce a greater frequency of specific response, such as highly imageable cues ([@R52]). It can also provide information on cue word discrimination---the capacity of each cue to provide information about the underlying tendency towards specific versus over-general retrieval---the OGM latent trait. Using this approach [@R17] confirmed that in the samples studied the AMT appeared to measure a single unidimensional latent trait, but that individual cues differed from one another in both their difficulty and discrimination.

Recent research ([@R12]; [@R34]) has suggested that while standard AMT instructions, which explicitly ask participants to retrieve specific memories, may be most informative when the aim is to quantify level of OGM in clinical groups (who are likely to be low on the latent trait of memory specificity), such instructions may be relatively insensitive to variations in memory specificity in non-clinical groups. To explore this possibility [@R17] compared data drawn from two versions of the AMT, one in which detailed instructions were given and one in which more minimal instructions were used. Their results confirmed that while item responses to standard AMT instructions were most able to discriminate between people low in memory specificity, minimal instructions were most able to discriminate between people around the mean level on the latent trait. Depending on the ultimate use of the derived scale, a goal of these IRT models is often a scale that operates well across the range of AMT where most respondents fall. Hence the target population, and consequently the expected distribution of AMT scores, is an important consideration when determining not only the cues used, but also the manner in which the questions are posed.

One way to take this work forward is to use IRT as a basis for exploring differential item functioning (DIF), the possibility that the response to particular items on a measure, in this case the AMT, varies systematically as a function of some characteristic of the person or people completing them. In the presence of DIF, estimated differences in AMT between groups of individuals defined on the basis of this characteristic would be misleading---for example an apparent difference in AMT score might be due to a different interpretation or understanding of the task instructions or item, due to IQ differences or perhaps the first language of the respondent, rather than a real difference in autobiographical memory over-generality.

Since AMT cues are usually valenced (having positive or negative emotional connotations) one likely source of DIF is the mood state of the person completing the task. Individuals experiencing low mood may relate to the task differently from those who are in more positive mood, for example because cue words seem more familiar or appear to be more self-relevant. Additionally mood-related DIF might arise because of the phenomenon of mood congruent recall---the general facilitation of recall of negative memories relative to positive memories in participants who are low in mood ([@R53]). These impacts are distinct from genuine differences in the latent trait of OGM between those who are low in mood and those who are not. Examining mood-state related DIF would allow for an estimation of the extent to which differences in scores on the AMT between participants experiencing different degrees of low mood are accounted for by biases in responding introduced by mood, rather than by mood-state related differences in the underlying tendency to retrieve OGMs.

In addition to exploring the possible impact of mood state it is important to consider how more basic characteristics such as age and gender influence the item functioning of the AMT. For example cues that are effective in assessing OGM in adult samples or females may be less useful for adolescents, or males. Indeed while some previous studies have linked performance on the AMT to IQ or educational level ([@R46]; [@R47]) others have failed to find an association ([@R3]), making it unclear whether IQ is systematically related to AMT performance and if so whether this reflects differences in the underlying latent trait or a response bias. Equally while gender differences on the AMT have not been a significant focus of research, prior research on autobiographical memory retrieval has consistently found that adult women recall more specific episodic material than men, including for gender-neutral topics (e.g., [@R21]; [@R31]). These gender differences are thought to be present from relatively early in life, reflecting at least in part differences between the degrees of elaboration in parents' reminiscing conversations with daughters and sons ([@R35]). If there are underlying gender differences in retrieval specificity, it is conceivable that tasks such as the AMT may be more sensitive in assessing underlying memory specificity in one gender than the other. Exploring the extent to which cue words differ in sensitivity or discrimination as a function of gender is therefore important for future research, perhaps particularly in samples where there may be an excess of depressed mood in females, as is often observed.

OVER-GENERAL MEMORY IN EARLY ADOLESCENCE {#s3}
========================================

There are a number of studies which indicate that over-general memory acts as a vulnerability factor, increasing the risk of depression or stress reactions following life events ([@R15]; [@R19]; [@R42]). However, in order to firmly establish a causal role for OGM in vulnerability to depression or other psychiatric problems it is essential that OGM be assessed *prior to the onset of any significant psychopathology.* Studying young adolescents provides such an opportunity since most onsets of psychiatric disorder occur from middle to late adolescence onwards ([@R24]; [@R54]). The aim of the current paper was to explore the psychometric properties of the AMT, and in particular the extent to which it could be used to extract a measure of an underlying latent trait of OGM, in such an adolescent sample. Additionally because we were able to obtain data from a large number of adolescents, it was possible to examine the influence of mood, IQ and gender both on mean levels of OGM but also in terms of differential item functioning, something that previous studies have not had the capacity to do as a result of the sheer number of responses required to model these effects.

The current paper reports data on approximately 40,000 memories obtained from a cohort of young people participating in the Avon Longitudinal Study of Parents and Children (ALSPAC). The ALSPAC study has collected detailed information on participants and their families from the prenatal period onwards and in total 5792 young people completed a written version of AMT at 13 years of age. We describe the measure, explore its underlying structure, and examine the impact of mood, gender, and IQ, before investigating the existence of differential item functioning. We go on to discuss the implications of this for the design of future AMT studies.

METHOD {#s4}
======

Sample {#s5}
------

The sample comprised participants from ALSPAC cohort study ([@R16]). ALSPAC is an ongoing population-based study investigating a wide range of environmental and other influences on the health and development of children. Pregnant women resident in the former Avon Health Authority (Bristol) in southwest England, having an estimated date of delivery between 1 April 1991 and 31 December 1992, were invited to take part, resulting in a "core" cohort of 14,541 pregnancies and 13,973 singletons/twins alive at 12 months of age. Further eligible cases were approached and enrolled when the children were 7 years old; these "non-core" cases will not be used in these analyses due to their lack of baseline (pre-7-year) data.

The primary source of data collection was via self-completion questionnaires administered at least annually to the mother, her partner, and the ALSPAC study child. Since the age of 7 years the whole cohort has been invited to an annual "focus" clinic for a variety of hands-on assessments. More detailed information on the ALSPAC study is available on the website: <http://www.alspac.bris.ac.uk>. All aspects of the study are reviewed and approved by the ALSPAC Law and Ethics Committee, which is registered as an Institutional Review Board. Approval was also obtained from the Local Research Ethics Committees, which are governed by the Department of Health.

Measures {#s6}
--------

### AMT. {#s7}

Autobiographical memory was assessed using 10 questions that formed part of a 16-page questionnaire administered to the study children when they were approximately 13 years of age. A total of 95% of respondents were aged between 13 years 1 month and 13 years 3 months. Five positive *(excited, happy, lucky, relaxed, relieved)* and five negative *(bored, failure, hopeless, lonely, sad)* cue words, which were judged to be familiar and relevant to young teenagers, were selected from among word sets used in previous studies with adult samples. Positive and negative cue words were matched for their frequency (and thus likely familiarity) in written material available for children *(Mann Whitney U* = 11.00, *Z* = -- .32) using data from the University of Essex Children\'s Printed Word Database ([@R27]). In studies in clinical populations the autobiographical memory test is usually presented orally under timed conditions. However, when gathering data from large population samples such an approach is extremely costly. In a number of prior studies of larger samples written versions of the task have been successfully employed ([@R20]; [@R22]; [@R32]) and a written version of the task was adopted for the current study.

Instructions were shortened and simplified from those typically used with adults and no time constraint was imposed. Participants were asked to describe real events, and given an example of what this meant, but were not told that they should describe an event occurring on a single day (although the example distinguished between an event occurring on a specific day and a category of events). As discussed in the introduction it has been suggested that instructions that strongly reinforce the need to respond with specific memories may result in a very low frequency of non-specific memories in non-clinical samples ([@R34]) and that minimal instructions are more sensitive to variations in OGM ([@R12]; [@R17]). Given that the current data were obtained from a population sample, the less-detailed instructions employed are likely to represent an advantage. The implications of the absence of a time constraint are less certain since a meta-analysis conducted by ([@R44]) came to no clear conclusion regarding the effects of time given to respond on level of over-generality. However given that a time constraint could not be imposed systematically it was considered better not to suggest a time restriction in the instructions. Further details on the text coding and its reliability can be found in Appendix A.

### Mood symptoms. {#s8}

The young people completed the 13-item short form of the Moods and Feelings Questionnaire ([@R1]; [@R7]) during a "focus" clinic held on the ALSPAC premises. The mean age of the group at this visit was 12 years 10 months *(IQR:* 12 yr 8 m -- 12 yr 11 m), i.e., typically 3--4 months prior to the administration of the AMT. The Moods and Feelings questionnaire comprises items measuring negative mood and was completed at a PC as part of a larger battery of questions. Previous work on these data had shown that 1 item *(restless)* was not well understood in this group (manuscript in preparation); hence the remaining 12 items were utilised for this analysis. The sum-score derived from these twelve items (range 0 to 24) was dichotomised at the median (a score of 3 or higher) to ensure a large number of cases in each group. The recommended cut-off for clinical symptoms is 10+ when using the full 13-item scale, so it is important to note that while the adolescents in the high negative-mood sample report a greater number of mood symptoms they cannot be considered to be depressed or dysphoric.

### Verbal IQ. {#s9}

A short form of the WISC-III ([@R45]) was administered during the 8-year focus clinic. Alternate items were used for all subtests with the exception of the coding subtest, which was given in full. More details on this use of the short-form WISC-III can be found in [@R23]. Previous research suggests a high level of stability for estimates of verbal IQ derived from the WISC-II, over an average interval of 2.83 years, yielding a test--retest reliability co-efficient of .87 ([@R5]). For this analysis we used the verbal IQ subscale, dichotomising at the median level to give two equal-sized groups. Low cut-offs were used for both mood and IQ to allow the opportunity for examining DIF across groups defined by more than one criterion, e.g., for comparing low-mood males with low-mood females. More clinically relevant cut-points would not have given the necessary sample sizes to permit these further analyses.

Statistical methods {#s10}
-------------------

We began with a *traditional* analysis in which a simple sum-score was derived based on the scores for each of the 10 items. Differences in sum-score for three group characteristics---gender, mood symptoms, and IQ---were assessed using *t*-tests. These analyses were based on (a) the complete case sample, and (b) the larger sample of partially complete data with errors/omissions coded as zero.

This analysis was followed by an Item Response treatment of these data in which a latent trait for AMT was derived. Preliminary analyses using a Mokken Scaling Procedure ([@R43]) provided evidence that the 10 items formed a homogeneous unidimensional scale (more details available from the first author). Consequently a parametric unidimensional graded response IRT model ([@R39]) using full-information maximum-likelihood with robust standard errors (estimator = MLR) and the logit link function was applied to these data. Trait differences were estimated for gender, mood symptoms, and IQ, and findings compared with those from the traditional analysis described above. Finally, the presence of uniform and non-uniform differential item functioning was examined using MIMIC (Multiple Indicator Multiple Cause) models with the altered data structure as described in ([@R8]). The impact of this response bias on estimated AMT main effects for gender, mood symptoms, and IQ was then assessed. Models were fitted using Mplus version 5.21 ([@R29]) or Stata version 10-MP ([@R41]). Further information on the IRT model and the DIF assessment can be found in Appendix B.

RESULTS {#s11}
=======

The 13-year questionnaire was sent to 10,434 of the core study participants and was returned by 6816 (65.3% response rate). Of these respondents, 5792 (85.0%) completed at least part of the AMT section. An AMT response was more common among females: 3297 (89.4%) compared with 2495 (79.8%) males *(X^2^* = 121.8, *p* \<.001). The majority of these analyses will be based on this sample of 5792; however, the mood symptoms data were only available for 4466 (77.1%) of these cases and the IQ data for 4482 (77.3%). There were 2238 respondents who provided mood data in the clinic but for whom we did not obtain AMT responses, and similarly 2903 who provided IQ but no AMT. There was no evidence of an association between mood symptom grouping and providing AMT data: 47.5% of those without AMT data exceeded a symptom score of 3+ compared with 48.4% of those with AMT (*X*^2^ = 0.45, *p* = .502). However, there was evidence of an association between IQ and returning the AMT questions with 50.6% of respondents compared with 34.8% of non-respondents scoring above the median IQ cut-point (*X*^2^ = 96.9, *p* \<.001), this equated to a 6.5 IQ points difference on the Total IQ scale.

Incomplete responses {#s12}
--------------------

A partial response to the set of 10 questions was common. For instance, of the 5792 who provided any AMT information, only 1276 (22.0%) provided 10 useable text responses, while 4360 (75.3%) answered 5 or more. In total, this group of 5792 young people provided 39,026 text responses, an average of 6.7 responses each. Instructions stated that if a memory could not be recollected for a particular cue word then the participant should just leave the line blank, and in line with [@R17] we will treat these non-responses in the same way as "errors" (which often corresponded to text stating that the child could not remember anything) and create a lowest category of zero for each item corresponding to both i.e., "errors/omissions".

Descriptive analysis {#s13}
--------------------

[Table 1](#T1){ref-type="table"} shows the distribution of responses for each of the 10 questions. After the first two words there is no apparent systematic increase in omission as one progresses from cue words appearing early in the questionnaire to those presented later. From inspecting the different patterns of omitted items, it was apparent that only a few patterns were monotonic (i.e., a series of responses followed by non-responses), which suggests that respondents were not just starting with question one and then stopping because they became bored. There was also no clear relationship observed between non-response and either valence or word-frequency (Pearson\'s correlation between proportion of participants who omitted the word and word-frequency = --0.5298, *p* = .115). Despite this, some words clearly produced much higher rates of non-response than others, in particular the cues *hopeless* and *failure.* It is possible that although these patterns of non-response do not relate directly to *word frequency*, that these cues refer to *emotional states* that are less frequently experienced by young teenagers, at least as compared to other cues (e.g., *bored).* If participants simply have less experience with the emotional states in question (e.g., they are less self-relevant) then it would be expected that these cues would be less likely to elicit memories.

###### 

Distribution of responses for the 10 AMT questions (*n* = 5792) listed in order of presentation in the questionnaire

  *Item*     *Valence*   *Frequency per million*[\*](#T1FN1){ref-type="table-fn"}   *Omission*     *Error*      *Associate*   *Categoric*     *Extended*     *Specific*
  ---------- ----------- ---------------------------------------------------------- -------------- ------------ ------------- --------------- -------------- --------------
  Happy      Pos         419                                                        316 (5.5%)     7 (0.1%)     150 (2.6%)    1,011 (17.5%)   680 (11.7%)    3628 (62.6%)
  Bored      Neg         41                                                         772 (13.3%)    18 (0.3%)    255 (4.4%)    1,833 (31.7%)   464 (8.0%)     2450 (42.3%)
  Relieved   Pos         3                                                          1757 (30.3%)   48 (0.8%)    67 (1.2%)     597 (10.3%)     133 (2.3%)     3190 (55.1%)
  Hopeless   Neg         5                                                          3277 (56.6%)   120 (2.1%)   232 (4.0%)    588 (10.2%)     231 (4.0%)     1344 (23.2%)
  Excited    Pos         84                                                         693 (12.0%)    22 (0.4%)    130 (2.2%)    947 (16.4%)     977 (16.9%)    3023 (52.2%)
  Failure    Neg         3                                                          3047 (52.6%)   90 (1.6%)    246 (4.3%)    519 (9.0%)      71 (1.2%)      1819 (31.4%)
  Lonely     Neg         62                                                         2938 (50.7%)   94 (1.6%)    268 (4.6%)    750 (13.0%)     689 (11.9%)    1053 (18.2%)
  Sad        Neg         238                                                        1941 (33.5%)   45 (0.8%)    99 (1.7%)     617 (10.7%)     1934 (33.4%)   1156 (20.0%)
  Lucky      Pos         108                                                        2351 (40.6%)   53 (0.9%)    226 (3.9%)    510 (8.8%)      135 (2.3%)     2517 (43.5%)
  Relaxed    Pos         3                                                          1802 (31.1%)   24 (0.4%)    153 (2.6%)    1,843 (31.8%)   460 (7.9%)     1510 (26.1%)

Positive and negative cue words are matched for their frequency in written material available for children using data from the University of Essex Children\'s Printed Word Database.

In written versions of the AMT, where space is limited so that descriptions of memories are quite short and clarification is not possible, there is often some ambiguity in distinguishing between extended and specific memories. The distinction between an event lasting for less than 24 hours (specific) and one lasting slightly longer than this (extended) is in any case somewhat arbitrary, particularly when instructions are minimal and thus describing an event of slightly longer duration does not represent a task "error". Indeed previous work has suggested that extended memories often still refer to unique events whereas categoric memories do not, suggesting that extended memories share similarities with specific memories in terms of the type of event being described ([@R51]). For these reasons we decided to combine specific and extended memory responses into a single category for our primary analyses. In order to assess the potential impact of this decision, both our traditional and IRT analysis of gender/mood/IQ main-effects was repeated using the 10 five-category items which preserved the extended/specific distinction.

[Table 2](#T2){ref-type="table"} shows the findings based on summing the scores for each of the 10 items. Results are displayed for the complete-case dataset followed by the greater partially complete data with errors/omissions recoded to zero. The mean numbers of associate, categoric, extended, and specific memories are shown across groups defined by gender, mood, and IQ. Estimated differences in AMT sum-score (both with and without the extended/specific) distinction are accompanied by *t*-test *p*-values. [Table 2](#T2){ref-type="table"} shows a consistent pattern of findings when either combining extended and specific responses or keeping these separate. Some differences appear attenuated (particularly for negative mood) in the smaller complete case sample. In general, AMT scores are higher (indicative of more specific memory recall) for girls, those with high negative mood, and those with higher IQ.

###### 

Breakdown of the mean number of associate, categoric, extended, and specific memories across groups

                                                                  *Male*         *Female*       *P*       *Low negative mood*   *High negative mood*   *P*       *Low IQ*       *High IQ*      *P*
  --------------------------------------------------------------- -------------- -------------- --------- --------------------- ---------------------- --------- -------------- -------------- ---------
  *Complete data (i.e. omissions/errors set to missing)*                                                                                                                                       
                                                                  *N* = 472      *N* = 804                *N* = 394             *N* = 560                        *N* = 469      *N* = 499      
  Associate                                                       0.81 (0.07)    0.50 (0.04)              0.80 (0.08)           0.42 (0.04)                      0.69 (0.07)    0.46 (0.05)    
  Categoric                                                       2.77 (0.13)    2.25 (0.09)              2.18 (0.13)           2.48 (0.11)                      2.68 (0.13)    1.99 (0.10)    
  Extended                                                        1.23 (0.05)    1.47 (0.05)              1.40 (0.06)           1.39 (0.05)                      1.42 (0.06)    1.41 (0.06)    
  Specific                                                        5.18 (0.13)    5.78 (0.09)              5.63 (0.14)           5.71 (0.11)                      5.20 (0.13)    6.15 (0.11)    
  Total (4grp)                                                    25.60 (0.19)   26.76 (0.13)   \< .001   26.23 (0.20)          26.67 (0.15)           .065      25.93 (0.19)   27.10 (0.14)   \< .001
  Total (5grp)                                                    30.78 (0.31)   32.54 (0.22)   \< .001   31.86 (0.32)          32.38 (0.25)           .196      31.14 (0.30)   33.25 (0.24)   \< .001
  *Partially complete data (i.e. omissions/errors set to zero)*                                                                                                                                
                                                                  *N* = 2495     *N* = 3297               *N* = 2304            *N* = 2162                       *N* = 2214     *N* = 2268     
  Associate                                                       0.38 (0.02)    0.27 (0.01)              0.33 (0.02)           0.25 (0.02)                      0.34 (0.02)    0.24 (0.02)    
  Categoric                                                       1.69 (0.04)    1.52 (0.03)              1.46 (0.04)           1.64 (0.04)                      1.73 (0.04)    1.34 (0.04)    
  Extended                                                        0.89 (0.02)    1.07 (0.02)              0.94 (0.02)           1.03 (0.02)                      0.98 (0.02)    1.02 (0.02)    
  Specific                                                        3.38 (0.05)    4.02 (0.04)              3.63 (0.05)           3.97 (0.05)                      3.49 (0.05)    4.14 (0.05)    
  Total (4grp)                                                    16.57 (0.15)   18.60 (0.13)   \< .001   16.95 (0.16)          18.51 (0.17)           \< .001   17.20 (0.16)   18.42 (0.16)   \< .001
  Total (5grp)                                                    19.94 (0.19)   22.62 (0.17)   \< .001   20.58 (0.20)          22.48 (0.21)           \< .001   20.68 (0.21)   22.56 (0.20)   \< .001

Unless otherwise stated, figures are means with standard errors in brackets. Total AMT scores are derived for both extended/specific memories considered distinct (5grp) or collapsed into a single group (4grp).

One-dimensional IRT model {#s14}
-------------------------

[Table 3](#T3){ref-type="table"} shows the parameter estimates for the one-dimensional graded-response model fitted to data with extended/specific combined. [Figure 1](#F1){ref-type="fig"} shows item response functions and item information functions for a selection of items under this model. [Table 3](#T3){ref-type="table"} shows that there was a range of item discriminations. At the low end we have *happy* and *bored.* Compared with the other items, these two are poorly discriminating and rather easy for this population of 13-year-olds. [Figure 1](#F1){ref-type="fig"} shows the item response functions and item information functions for *happy (bored* is similar). The response functions are located far down to the left of the latent trait such that most participants have a high probability of providing an extended/specific response. In addition, the low discrimination for this item leads to a low level of information being provided across much of the range. Due to the low discrimination an extended/specific response to one of these items tells us little about a participant\'s location on the latent trait. As a consequence one might reconsider the use of these items in a repeated use of this scale on a population of comparable age. In contrast, the majority of the remaining items exhibit a high level of discrimination. Response functions and information functions for *lucky* and *hopeless* provide similar peak levels of information but at slightly different locations reflecting the fact that the thresholds for *hopeless* are situated further up the AMT latent trait (i.e., *hopeless* is a more difficult item).

![Item response functions and item information functions for three selected items from the one-dimensional graded response model unadjusted for response bias. Left column: response functions: full decreasing line corresponds to item category one (omission/failure), dotted line to item category two (associative), dashed line to category three (categoric) and full increasing line to category four (extended/specific). Right column: information functions -- location on trait where scale provides most information (i.e., where an individual\'s trait level can be estimated most precisely).](pmem20_300_f1){#F1}

###### 

Item parameters for graded response model on four-level items

                    *Threshold 1*   *Threshold 2*   *Threshold 3*
  ---------- ------ --------------- --------------- ---------------
  Happy      0.74   --3.04          --2.61          --1.17
  Bored      0.91   --2.08          --1.71          0.01
  Relieved   1.69   --1.14          --1.07          --0.42
  Hopeless   1.82   0.51            0.76            1.47
  Excited    1.31   --2.45          --2.20          --1.00
  Failure    1.77   0.24            0.49            1.07
  Lonely     1.95   0.15            0.44            1.32
  Sad        1.76   --0.94          --0.82          --0.16
  Lucky      1.78   --0.51          --0.27          0.26
  Relaxed    1.58   --1.08          --0.90          0.97

*n* = 5792. An item with a high discrimination parameter will discriminate well but only across a small range of trait values (the range over which item information is high). Items with low thresholds parameters are easier than those with higher threshold parameters: a specific response to *excited* is expected across a wider range of trait values compared with *hopeless.*

[Figure 2](#F2){ref-type="fig"} shows the information function for the complete 10-item test as well as its reciprocal: the standard error of measurement. The information for the whole test is the sum of the information for the individual items. Where information is high (and the *SE* of measurement is low) a respondent\'s true AMT score will be estimated with high precision, hence the figure depicts the range of AMT values over which the scale would be most useful. It can be seen from [Figure 2](#F2){ref-type="fig"} that the location at which the information is at its peak occurs at a value of approximately zero on the latent trait, i.e., the mean level. The value of the *SE* of measurement at a trait score of zero was 0.16. For a respondent with an estimated trait score of zero we would be 95% certain that their true score lies in the interval \[--1.96\*0.16, 1.96\*0.16\] = \[--0.31, 0.31\]. Unlike classical test-theory methods, the precision of the estimate is not a constant: the figure shows that the *SE* of measurement is less than 0.5 across the interval \[--1.7 *SD*, 1.6 *SD*\] and increases rapidly outside this range.

![Test information function (solid line) and *SE* of measurement (dashed line) from the one-dimensional graded response model prior to adjustment for response bias. Standard error of measurement = the precision with which one\'s level of AMT can be estimated using the current scale. *SE* of measurement is lowest, and hence estimates are more precise, where the test information function is at its peak.](pmem20_300_f2){#F2}

Group differences in latent AMT {#s15}
-------------------------------

The third column of [Table 4](#T4){ref-type="table"} shows estimated differences in the AMT trait prior to the adjustment for any response bias. These results are consistent with those in [Table 2](#T2){ref-type="table"}. There is strong evidence (*p* \<.001) of moderate differences in mean AMT across gender, mood, and IQ. For instance, on average girls are scoring 0.32 *SD*s higher on the AMT trait than the boys. Similarly those with high negative mood score 0.22 *SD*s higher than those with a more positive mood state, and those with high IQ score 0.19 *SD*s higher than those with lower IQ. These results were very similar when fitting the same model to the five-category ordinal items that preserved the extended/specific split. For instance, estimated gender differences were 0.305 *SD*s (*SE* = 0.03), mood differences 0.226 (0.034) and IQ differences 0.205 (0.034).

###### 

The impact of allowing for DIF on the estimated AMT main effects

  *Grouping*                           *N*         *Estimated differences prior to DIF adjustment*   *Estimated differences following DIF adjustment*   *Percentage change*
  ------------------------------------ ----------- ------------------------------------------------- -------------------------------------------------- ---------------------
  *Gender*                                                                                                                                              
  Male                                 2495        0.00 ref                                          0.00 ref                                           
  Female                               3297        0.317 (0.030)*p* \<.001                           0.232 (0.030)*p* \<.001                            26.8%
  *Mood*                                                                                                                                                
  Low negative mood                    2304        0.00 ref                                          0.00 ref                                           
  High negative mood                   2162        0.221 (0.034)*p* \<.001                           0.084 (0.037)*p* = .022                            62.0%
  *Gender and mood*                                                                                                                                     
  Males: High versus low neg. mood     814/1146    0.170 (0.051)                                     0.100 (0.055)                                      41.2%
  Females: High versus low neg. mood   1158/1348   0.209 (0.045)*p* \<.001                           0.077 (0.051)*p* \<.001                            63.2%
  *Verbal IQ*                                                                                                                                           
  Low                                  2214        0.00 ref                                          0.00 ref                                           
  High                                 2268        0.189 (0.033)*p* \<.001                           0.159 (0.034)*p* \<.001                            15.9%

Estimated differences are in standard deviations (SD) of trait, such that 0.1: small effect, 0.2: moderate effect, 0.5: large effect. Figures in brackets are standard errors of estimates.

Investigation into the presence of differential item functioning {#s16}
----------------------------------------------------------------

Following the derivation of the IRT model for AMT and the estimation of group differences for gender/mood/IQ we began to investigate the presence of DIF using the stepwise approach and MIMIC model described in the Appendix. We will refer to DIF between genders as "gender-DIF," similar for "mood-DIF" and "IQ-DIF".

### Gender. {#s17}

There was strong evidence of differential item functioning between male and female respondents. The stepwise DIF analysis indicated that in generating a single generic scale that would be comparable across the sexes, it was necessary to adjust for gender-DIF in the following items and in the following order: *lonely* (uniform DIF, *X*^2^ = 50.0), *sad* (uniform DIF, *X*^2^ = 28.6), *excited* (uniform DIF, *X*^2^ = 17.6), *failure* (uniform DIF, *X*^2^ = 13.0), *relaxed* (non-uniform DIF, *X*^2^ = 19.4). Three examples of the DIF observed in this model are shown in [Figure 3](#F3){ref-type="fig"}. For *failure* the girls' thresholds were higher than the boys' and hence the response functions for the girls are slightly further to the right on the latent trait, indicating that, for a boy and a girl at the same point on the trait, the girl would find giving an extended/specific answer to *failure* more difficult. It was our impression that memories recollected in response to *failure* fairly frequently related to sporting events, which tend by their nature to be specific, and these might have more commonly been described by boys, perhaps leading to the phenomenon observed. In contrast to the findings for *failure*, the girls' response functions for *lonely* are shifted to the left indicating that girls would find it easier than boys to give a specific response (again conditional on trait levels). Finally, the third graph shows the effects of non-uniform DIF on the boys' and girls' response functions for the cue word *relaxed.* In this example the locations are similar but the slopes are clearly not parallel. The girls' response functions are steeper, indicating the higher discrimination in this group although the discrimination in either group is far from poor. On the whole, there was not a clear, consistent pattern in terms of the item valence and the variability in model parameters between the boys and girls.

![Examples of DIF observed between boys and girl responses. Item response functions for boys (solid lines) and girls (dotted lines). For an item exhibiting no gender-DIF the dotted and solid lines would coincide such that both groups had the same probability of responding in each category at every point along the latent trait. Uniform and non-uniform DIF manifests itself as parallel and non-parallel item response functions, respectively](pmem20_300_f3){#F3}

### Mood symptoms. {#s18}

It was necessary to adjust for mood-DIF with the following items: *lonely* (uniform DIF, *X*^2^ = 58.0), *failure* (uniform DIF, *X*^2^ = 26.6), *hopeless* (uniform DIF, *X*^2^ = 21.4), and *sad* (uniform DIF, *X*^2^ = 12.8). Compared with the gender findings, the pattern here was much clearer. All the items with mood-DIF had negative valence and in all cases the group with higher negative mood had lower item thresholds indicating that this group would find the items easier than an equivalent respondent with a more positive mood.

### Verbal IQ. {#s19}

In comparison to the results above, there was relatively weak evidence for IQ-DIF with two of the items: *relieved* (uniform DIF, *X*^2^ = 12.9) followed by *bored* (uniform DIF, *X*^2^ = 13.6). For both items the thresholds were lower for the group with lower IQ indicating that this group finds these two items easier than the group with higher IQ.

Interplay between mood and gender {#s20}
---------------------------------

It is well known that a difference in the prevalence of mood symptoms between boys and girls emerges as they pass through puberty ([@R2]) and hence we felt it prudent to investigate whether the mood-DIF results described above may differ between male and female respondents. In these final analyses we derived four groups using the two indicators for gender and mood and searched for presence of DIF across these groups using a more complex version of the MIMIC models already described.

As one would expect, the results of this analysis bore some resemblance to the individual gender and mood results already seen. There was evidence for DIF across these four groups for the items *lonely* (uniform DIF, *X*^2^ = 103.4), *excited* (uniform DIF, *X*^2^ = 27.1), *failure* (uniform DIF, *X*^2^ = 46.9), *hopeless* (uniform DIF, *X*^2^ = 35.9), *sad* (uniform DIF, *X*^2^ = 20.4), and *relaxed* (non-uniform DIF, *X*^2^ = 24.2). There was a consistent pattern of differences within each gender in that for participants with high negative mood (compared with low negative mood, conditional on the latent trait) the negative valence items were easier and positive valence item harder. For some items there appeared to be more mood-DIF present in one gender group compared with the other. In particular, for the *lonely* item, there was more evidence of such a bias in the girls. Such a phenomenon could be tested through additional model constraints. In doing so it emerged that there was moderate evidence of a gender difference in response bias due to mood for *lonely* (*p* = .012), however there was no evidence for gender differences in bias with the other items.

The effect of DIF-adjustment on estimated main effects {#s21}
------------------------------------------------------

In the presence of DIF one can obtain biased results when examining differences between groups unless one allows for this DIF in the derivation of the measurement model. For instance one might under- or over-estimate the difference in AMT between males and females if males have a systematic bias in the response to one or more items compared to their female counterparts. The remaining columns of [Table 4](#T4){ref-type="table"} shows the impact on the estimated differences in AMT between males/females, respondents of low/high mood and of low/high verbal IQ, on allowing for the presence of DIF across these different groups.

On adjustment for gender-DIF, the main effect of gender on AMT fell by almost 27%, i.e., 27% of the estimated main effect was due to response bias. The majority of the attenuation occurred when adjusting for DIF with the *lonely* item, during which the effect estimate fell from 0.32 to 0.25, further adjustments were comparatively minor. Following adjustment for DIF there was still strong evidence (*p* \<.001) of a moderate difference in AMT with girls scoring on average 0.23 *SD* (*SE* = 0.03) higher on the AMT scale, indicating that consistent with studies of adults ([@R31]), young teenage girls appear to be recall memories that are somewhat more specific than those of boys.

On adjustment for mood-DIF, the estimated main effect of mood on AMT fell by 62%. This time the attenuation was gradual and not dominated by one particular item. The consistent pattern between valence and direction of DIF is likely to be at the heart of this large attenuation. These results indicate that over half of the observed AMT difference is due to item response bias and not due to true differences in the trait. There remained only weak evidence (*p* = .022) of a small difference with those of higher negative mood scoring 0.08 *SD* (*SE* = 0.037) *higher* on AMT. The results from the analysis examining DIF across gender and mood shows a greater attenuation for girls where 63% of the estimated difference between girls with and without mood symptoms was due to response bias compared with 41% for boys with this difference being driven primarily by the greater mood-DIF for the *lonely* item present in the girls sample. In other words, the estimated effect of mood on AMT was more biased in the girls.

Finally the effect of DIF on verbal IQ was less marked with an attenuation of 16%. Following adjustment, there was strong evidence (*p* \<.001) of a small-to-moderate difference with those of high verbal IQ scoring 0.16 *SD* (0.034) higher on the trait.

DISCUSSION {#s22}
==========

This study utilised data collected on a written version of the AMT distributed to approximately 6000 thirteen-year-olds. The aim was to conduct a psychometric investigation of the measure and in particular to explore evidence of both mean differences and also differential item functioning with respect to gender, IQ and mood. Supporting previous work ([@R17]) our results indicated that the data could be reliably coded and yielded a one-dimensional "OGM latent trait," derived from the ordinal responses to 10 AMT items. The scale derived from these items appears to operate well over a wide range of the underlying trait, consistent with our aim of deriving a continuous measure of OGM. Our analyses also indicated that 2 of the 10 items---*happy* and *bored*---which appear to be simple and familiar, provided little useful information as they were poorly discriminating. The fact that these items, which to a naive researcher might seem to be ideally suited to a study of memory specificity in young teenagers, were less able to differentiate well between adolescents high and low in memory specificity illustrates the value of conducting psychometric analyses to guide cue word selection and highlights the utility of the IRT approach over the derivation of a sum-score that would treat all items as equal and give undue weight to those that are in fact poorly discriminating.

Consistent with the suggestions of [@R34] and [@R12] as well as the findings of [@R17] the IRT analysis suggested that our minimal instructions were most informative for adolescents falling at around the mean level on the OGM trait. Additionally the standard error of the measurement was low, and hence estimates of the OGM trait were precise across a wide range of the study population. In a population sample where the long-term aim of data collection is to explore developmental trajectories across the spectrum of memory specificity this is encouraging. It also supports the suggestion that researchers should carefully consider the aims of their study and the nature of the population under investigation when deciding on the type of the instructions to give to participants.

Analysis of main effects indicated that in the current sample responses were more over-general in boys than girls, in those low in negative mood, and in those low in IQ. These findings were consistent between the traditional and IRT analyses. Differential item functioning within the IRT model was found to account for at least some of these main effects. In particular the current data identified strong evidence of differential item functioning for both gender and mood symptoms for some of the items. The findings regarding gender were difficult to interpret, with some items appearing to be "easier" for girls and some for boys, and this may reflect particular gender-specific associations for the cue words (as mentioned earlier). In most cases the biases were small/moderate, and there remained a significant main effect of gender on AMT score after accounting for DIF, consistent with previous studies that have identified increased specificity of recollection in older women (e.g., [@R31]).

Findings regarding mood symptoms were more clear-cut. Mood congruency effects produce a general shift in ease of accessibility of negative material ([@R53]) and the leftward shift in the item response functions for negative words in those above the median in negative mood would be consistent with such an effect. In the absence of a DIF analysis, the observed effect of mood on scores on the AMT might be interpreted as evidence of lower levels of trait OGM in adolescents reporting higher levels of negative mood. In fact a large portion of this effect is the result of a response bias rather than genuine differences in the underlying latent trait and conducting a DIF analysis allows for adjustment for this in the derived trait score if appropriate. In contrast to the effects of mood on Uniform DIF, the analyses did not show any evidence of Non-Uniform DIF for mood. Thus there was little evidence that the items were more able to provide information on the latent OGM trait for those above than below the median in mood symptoms. There is compelling evidence that children and adolescents with clinical levels of affective disturbance show OGM (e.g., [@R26]) but it remains true that even within clinical samples there is often found no correlation between *severity* of mood and degree of over-general recall.

Why, though, might there be an association between greater specificity and negative mood? The affect regulation hypothesis ([@R48]; [@R49]) states that one reason that people become over-general in their memory is because specific memories may contain events that are highly aversive for them, so they avoid such affect by truncating the search for specific memories. Although prominent in explaining why some people have over-general memories this theory needs to assume that, at some point earlier in development, people have learned an association between high specificity in memory and the *exacerbation* of affect, thereby motivating a switch to alternative mnemonic strategies (such as truncating search). This aspect of the theory had never received direct experimental support until a study by [@R32] who found, in a sample of volunteer students not selected for symptoms of affective problems, that those who were highly *specific* on an autobiographical memory test showed *more* affective disturbance after failure on a puzzle task.

Drummond and colleagues ([@R13]) also have data that speak to this issue, studying samples of 7--11-year-olds. They found that emotion-focusing (as measured by tasks assessing the extent to which children categorised images and themes on the basis of the emotion being expressed in the card) had an important impact on the specificity of memory: Those children who were more likely to categorise the images and stimuli according to emotional categories were more *specific* in their autobiographical recall. This is consistent with the theory that greater specificity is at first associated with greater affective disturbance, then later gives way to decreased specificity as the search process is truncated if psychopathology develops and deepens. We suggest that this is what we are observing here, in this unselected sample. Despite this, we cannot rule out the possibility that such a bias might emerge were one to derive groups corresponding to those with and without *clinically relevant* levels of low mood.

Finally it was reassuring to note that, at least in this sample, there was little evidence of differential item functioning on the basis of verbal IQ. Thus the increased levels of OGM observed in those with lower IQ are likely to reflect true differences in the underlying levels of OGM, perhaps related to reduced executive resources, and are not simply a consequence of difficulties interpreting the task that might arise among those lower in verbal IQ affecting the ability of cues to provide information on the underlying trait. One note of caution we should add to this conclusion is regarding the time difference between the IQ and AMT data collection. Over the 5-year period between age 8 and 13 it is likely that IQ will have altered due to the number of developmental changes across this time period. Hence there will be misclassification in a measurement of IQ based on a median split. As we have no reason to suspect such misclassification would be differential, an attenuation of the IQ main effect is a possible result. It is possible that a different pattern of IQ-DIF findings would result from a more proximal IQ measurement.

There are a number of strengths and limitations that must be considered in interpreting the results. Most importantly the data collected in the ALSPAC sample, from almost 6000 adolescents, represent probably the largest study of autobiographical memory specificity yet undertaken and make analyses reported upon here possible. Those data also result in inherent limitations. While the sample is large, time and cost constraints precluded the individual testing of participants and so we have relied on a relatively short questionnaire-derived measure of OGM. Although previous studies have also utilised questionnaire versions of the AMT ([@R22]; [@R33]) it would nevertheless have been preferable to conduct individual testing sessions so that the circumstances of data collection were more similar to those of previous studies of adolescents, or to validate the estimates of OGM derived from the questionnaire measure with estimates derived from face-to-face testing of a small but representative subset of the total sample.

While it is reassuring that there was little evidence of monotonic patterns of drop out or effects of IQ-related DIF, and that the measure appeared maximally sensitive to variations in memory specificity around the median level, there was evidence that those participants who provided AMT data had significantly higher IQ scores than those who did not provide data. This suggests that our sample is somewhat biased and represents a slightly higher-functioning group of 13-year-olds than average. Although this is not unexpected, it is important to take into account in interpreting these and any subsequent analyses derived from the data set.

A feature of the sample, which is both a strength and a limitation, is the fact that it comprised adolescents. The study of OGM in young adolescents, prior to the onset of significant psychopathology, is absolutely vital if we are to understand the origins of OGM and its relationship to vulnerability to depression and other problems. Although the establishment of adult patterns of autobiographical memory retrieval is a developmental process that extends into adolescence ([@R18]) the fact that the AMT yielded data from which an underlying trait score could be derived is very promising. Although our findings may not necessarily translate to adult samples, it is the case that the particulars of any differential item functioning study of this sort would be unlikely to translate to other samples directly because, by their nature, they refer to the properties of specific cue words in relation to the characteristics of the specific sample. However the general pattern of results observed is nevertheless important. This study illustrates the value of conducting DIF analysis where possible and highlights the importance of considering the possible effects of response bias on AMT results and their interpretation. They also indicate that significant gender and IQ main effects exist on the AMT. This suggests that studies must be careful to match samples for gender and IQ to prevent spurious between-group differences emerging due to these factors.

It has previously been suggested that positive and negatively valenced cues tap into a single underlying latent trait ([@R17]; [@R44]) and that where OGM is observed for only positive or only negative cues this is likely to be a function of mood congruency as well as over-generality ([@R49]). The findings of the current study lend further support to this interpretation of existing data and suggest that there is no justification for analysing positively and negatively valenced cues separately. Rather, cue sets should be selected in order to have properties that enable them to discriminate well between individuals high and low in the latent trait within the range relevant to the population under investigation. In order for researchers to be able to select such cue word sets further research must be conducted for the purposes of obtaining psychometric data. Ideally such research would involve the administration of a version of the AMT that incorporated a much larger selection of cue words, chosen to vary systematically on a number of properties, to a large and representative sample of adults. This would allow for the creation of a cue word corpus from which words could be selected that would be maximally sensitive to variations in memory specificity within the appropriate range on the latent trait, or for the characteristics of the population in question. While this would be a significant undertaking given the continued interest in OGM and its downstream consequences, it is potentially one that would be very worthwhile.

In summary, we have demonstrated that there are number of advantages to deriving a latent trait measure of AMT within an item response theory framework compared with the traditional approach of deriving a sum-score based on the specificity of responses to each item, or counting the number of specific memories retrieved. First we have derived a scale that accounts for both the discrimination and the difficulty of the items administered such that an extended/specific response to the *lonely/hopeless* items is far more indicative of low OGM compared with such a response to *happy/bored.* In addition, this approach allows us to adjust our estimated trait for undesirable (though interesting) response biases that may contaminate the results of future analyses.

We are extremely grateful to all the families who took part in this study, the midwives for their help in recruiting them, and the whole ALSPAC team, which includes interviewers, computer and laboratory technicians, clerical workers, research scientists, volunteers, managers, receptionists, and nurses. The UK Medical Research Council (Grant ref: 74882) the Wellcome Trust (Grant ref: 076467), and the University of Bristol provide core support for ALSPAC. This publication is the work of the authors and Jon Heron, Catherine Crane, and Mark Williams will serve as guarantors for the contents of this paper. This research was specifically funded by the Wellcome Trust grant 067797/Z/02/A awarded to Professor Mark Williams.

APPENDIX A: CODING PROCEDURE AND RELIABILITY {#s23}
============================================

Coding procedure {#s24}
----------------

Responses to the 10 AMT questions were entered into an access database by an external keying bureau. Two members of the ALSPAC in-house data-preparation team (Jackie Bishop, JB; Genette Ellis, GE) were specifically trained in the coding of the AMT through a full day of instruction and use of a coding manual. The categories used to code responses were: specific (a response that referred to an event which would have occurred on a particular day, at a particular time and place, for example *"playing football with my friends last Saturday")*, extended (a response that referred to an event which would have occurred over a period of 2 days or more, for example *"our school trip to France")*, categoric (a response that referred to a category of events, *"doing tests in Science")*, associate (a semantic associate to the cue word, *"school," "my dad")*, and error (statement such as "*I* *can\'t remember"* or statements that were incomprehensible or future-oriented, e.g. *"next week I will go to see my granny").* Blank cells---where a child did not write anything at all---were not keyed and did not form part of the text database for coding. Such blanks were combined with errors to form a single group "omissions/errors" for the purpose of statistical analysis. The reliability assessment was only carried out on text that was present and coded (a total of approximately 40,000 items). Memories from a single child were coded together, in the order in which they were presented in the questionnaire.

Following training, an initial sample of 200 memories were taken at random and coded by JB, GE, and CC (an experienced rater) in order to determine initial reliability. These comparisons yielded a mean weighted kappa of .87 and a mean unweighted kappa of .80 (both excellent). Once this initial reliability was established, the final preparations for coding were made and data coding commenced. The coding guidelines used in training were developed further between JB, GE, and CC during the coding process, through email and telephone correspondence and local discussion, in order to ensure consistent coding of potentially ambiguous responses where a particular response of this type occurred frequently. Where the two ALSPAC coders disagreed on items that were double-rated these items were examined and a coding decision was made and recorded for future use. Where possible, coding decisions made during the course of coding the data were then applied to earlier cases through the use of key word searches (for example searching for the key word "Christmas").

Reliability coefficients {#s25}
------------------------

Participant questionnaires were shared out randomly between JB and GE so that each would ultimately code approximately 50% of the responses. Data were coded in sets of 3000 responses each. During and after coding of each set, 10% random samples of the data (i.e., 300 responses from each coder) were taken and coded by the other coder, with weighted and unweighted kappa coefficients calculated to check for reliability. At the beginning, midway, and the end of the coding period, smaller sub-samples were triple coded by JB, GE, and CC. The overall agreement between JB and GE, based on double coding of the 10% sub-sample, was excellent, yielding a weighted kappa of .82 (unweighted kappa .78). The overall kappa for the agreement between GE, JB, and CC, based on 1222 responses, was also good to excellent, yielding a weighted kappa of .79 (unweighted kappa = .74). Once all the data had been coded, a final stratified random sample of 1000 memories was extracted from the data set. These 1000 responses were sampled equally from the five response categories (specific, extended, categoric, associate, error) in order to examine whether the coders were reliable for each type of response. This was to ensure that very high levels of reliability for some classes of response did not mask lower levels of reliability for others. Weighted kappas were good to excellent in each case, with unweighted kappas ranging from .76 for categoric and associate responses, to .77 for specific responses, .81 for extended responses and .93 for errors.

APPENDIX B: EXTENDED STATISTICAL METHODS {#s26}
========================================

Item response models {#s27}
--------------------

A one-dimensional graded response model ([@R39]) was fitted to the data. In item response models such as the graded response model, two types of parameter are estimated for each item: the item discrimination and threshold parameter(s) reflecting the item difficulty. These parameters are indirectly related to the form of the item response functions that show how the probability of responding in each item category changes as one moved along the latent trait.

The item discrimination parameter is similar to the item loading in more traditional factor analysis. In factor analysis a variable with a high loading is more strongly correlated with the underlying factor, and hence response to such an item provides more information about the factor than would a response to a variable that loaded less strongly. In the same way an item with a higher discrimination parameter can in some circumstances be thought to be more useful, as it is better at discriminating between respondents than an item with a lower discrimination parameter. However, in item response models there is a trade-off due to the non-linear relationship between response probabilities and trait score. A highly discriminating item will discriminate well but only across a small range of trait values, e.g., an item that discriminates almost perfectly between respondents with trait scores above and below zero will be of little use in a population of participants with trait scores far from this value. The item information function for a near-perfectly discriminating item would have a high peak around the trait level of zero but very low values at other points on the trait. In contrast an item at the same location that discriminates *less* perfectly between those above/below zero will provide information spread over a wider range of trait scores. It is important to consider the ultimate use of the scale, be it to compare respondents across the whole population or to screen at a particular trait value. In our analysis we are looking for a scale that operates well over the range of the trait where the bulk of the respondents fall, hence our test information function (sum of individual item information functions) should indicate an acceptable level of information across this range.

Item threshold parameters represent points along the latent trait and hence they can also be thought of as *location* parameters. For each of our four-category items there will be three such thresholds each representing one of the three item cut-points. For instance, take the first cut-point: omission/error versus associate or higher. As one moves up the latent trait towards higher levels of AMT the probability of giving a response that is an associate *or better* will increase. Were one to plot this probability against AMT, the curve would be *sigmoid*-shaped rising from a probability of zero at low levels of AMT to a probability of 1 at high levels. The point at which this curve meets the line corresponding to a probability of 0.5 gives the first threshold parameter. If the first threshold occurred at an AMT value of 0 then respondents at this point on the trait would be equally likely to give an omission/error response as they would be to give a response which is an associate or higher. Respondents with AMT \< zero would be more likely to attain omission/error, and respondents with AMT \> zero would be more likely to attain associate or higher. Items provide most information at their thresholds and hence we require items with a wide range of thresholds in order to spread information across the whole range of the trait. As mentioned above, thresholds parameters also indicate the *difficulty* of each item. An item with low threshold parameters is easy since a good score (i.e., extended/specific) is likely for most respondents. A more difficult item would have higher thresholds and hence one would need a higher AMT in order to give an extended/specific response.

Differential item functioning {#s28}
-----------------------------

Differential item functioning (DIF) also known as item response bias is a situation in which responses to one or more items differ systematically between two or more groups of individuals *after conditioning on the latent trait.* Differences in the set of responses between two individuals should only reflect differences in their trait level of AMT (plus random variation). In the case of DIF, an additional covariate such as gender is also related to their item responses such that even were these two respondents to have the *same level* of AMT, their responses would differ in a systematic (non-random) manner.

In the case of Uniform DIF, only the item thresholds may differ across groups which results in a horizontal shift of the item response functions for one group relative to the other. For instance, given a trait derived from responses to a battery of depressive symptoms, a female respondent at a particular point on the trait may have a higher probability of endorsing an item related to crying compared with a male at that same trait location (i.e., who has the same AMT score). In this situation the female would be said to find this item *easier.* In the case of non-uniform DIF the item discrimination (capacity to provide useful information on the level of the underlying latent trait) must differ between groups (although thresholds need not). This results in an intersection of the item response functions for the two groups such that one group, e.g., males may find an item easier in some region of the trait, while females find the item easier in another region. Alternatively one might say that an item with non-uniform DIF is more discriminating in one group compared to another.

Procedure for assessment of differential item functioning {#s29}
---------------------------------------------------------

As a first step a MIMIC model ([Figure A1](#FA1){ref-type="fig"}) was created with a main effect of gender on AMT but allowing for no gender response bias. Two new sets of 10 variables were then derived to indicate the responses separately for boys and girls. For instance, the boys' response to the first item "happy" was equal to the original response if gender = boy, but set to missing if gender = girl, as used in *"CvBL method"* ([@R8]). A new MIMIC model was then derived as shown in [Figure A2](#FA2){ref-type="fig"}. Item loadings and thresholds were initially constrained between the male and female versions of each item to ensure that the model described in step one above had been accurately recreated. DIF was then examined in a stepwise manner by relaxing each parameter constraint in turn and examining the effect on the model fit.

![MIMIC model with main effect of gender on AMT.](pmem20_300_fa1){#FA1}

![MIMIC approach to assessment of differential item functioning across gender groups.](pmem20_300_fa2){#FA2}

Presence of uniform DIF was examined first by relaxing the constraints on the item thresholds. The thresholds were not completely relaxed, their separation was preserved, but their location (boys relative to girls) was allowed to vary. This procedure was permitted for each item in turn and the change in likelihood was recorded and converted to a set of chi-square statistics. There are a variety of ways for assessing the significance of any response bias, using odds ratios or adjusted *p*-values ([@R9]). Here we chose to use a Bonferroni-corrected alpha-value of 0.05/20 = 0.0025 to allow for the multiple testing of uniform DIF and non-uniform DIF for each of the 10 items, which corresponds to an acceptance criterion of 9.14 (or change in likelihood of 4.57). We acknowledge that other decision methods may result in more or less items being regarded as possessing bias. For the item with the largest improvement in model fit, the relaxed thresholds were maintained and the procedure was started again, investigating the presence of uniform DIF for the remaining nine items. This continued until none of the remaining items led to a significant improvement in model fit.

The presence of non-uniform DIF was then examined in a similar stepwise manner by permitting item loadings to vary. The starting model for this stage was the model with adjustments for uniform DIF as described above. Item loadings were relaxed for each item in turn and again the effect on model fit was examined. For items that had not exhibited uniform DIF, item thresholds were relaxed at the same time as the loading incurring a 2 *df* test with a chi-square cut-point of 11.98. This was repeated until all gender uniform and non-uniform DIF had been adjusted for.

The same steps were carried out for the grouping defined by presence of mood symptoms, and again for IQ.
